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ABSTRACT 
Shoot tips excised from one year old seedlings of Calamus nagabettai were inoculated onto 
Philips and Collins and Murashige and Skoog’s media supplemented with various hormones 
to study their morphogenetic potential. Presence of 2-ip at 1mg/l in L2 medium promoted 
the initiation of about 23 shoot’s from the cremish nodulated callus. The higher 
concentration of 2-ip above 2 mg/l resulted in the formation of the single shoot from the 
explants. Among the combinations of hormone tried, BAP (2 mg/l) with NAA (0.5 mg/l) 
induced about 25 shoots from the cultures. Thus obtained shoots were rooted on IAA (2 
mg/l) supplemented medium. Somatic embryos were obtained from the callus derived from 
the basal portion of the regenerated shoots on L2 + NAA (2 mg/l). The conversion of the 
somatic embryos into the plantlets has obtained on the same medium. Induction of somatic 
embryogenesis from the callus cultures of C. nagabettai in the present studies is the first 
report. Thus obtained plantlets through organogenesis and somatic embryogenesis were 
sequentially hardened by transferring them first to vermiculite and perlite (1:1) and then to 
soil and sand mixture. After acclimatization, three month old seedlings were transferred to 
field. Nearly 40 percent survival was recorded. 
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INTRODUCTION  
The members of the genus Calamus of the 
family Arecaceae, commonly known as 
Rattans are categorized under important 
non-timber forest products (NTFP) of 
tropical forest. Though they have played a 
significant role in human activity, since 
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time immemorial, they are one of the least 
protected group of flowering plants with 
many species being severely threatened 
and becoming rare [1]. Considering the 
rate at which tropical forest, the natural 
habitats of rattans are being destroyed, 
effective measures are to be taken to 
conserve and propagate the threatened 
species. Though seed is the best source of 
propagation, the extraction of the cane 
before flowering and poor seed inability 
drastically affect the seed source. 
Vegetative propagation through suckers 
also has certain limitations as the survival 
rate of suckers is not significant. It is in 
this background that the tissue culture 
multiplication of Rattans gains importance 
as an alternate strategy for production of 
large quantity of planting material. 
Calamus nagabetai, a commercially 
important rattan, is an endemic species of 
Western ghats. It is overexploited by local 
and tribal sector for the manufacture of 
baskets and other cane articles. Hence, in 
situ conservation of this species is 
recommended [1]. However, the seeds are 
highly recalcitrant and take nearly 100 to 
120 days for germination [2]. Though 
Krishnakumar et al., [3] have attempted to 
multiply this taxon by in vitro studies; the 
number of plantlets obtained was not 
significant. In order to overcome this 
limitation, in vitro propagation through 
shoot tip cultures was undertaken in the 
present studies. 
MATERIAL AND METHODS  
Three to four month old wildlings were 
collects from Subramanya Range of 
Western ghats. Young leaf segments (0.75 
to 1 cm2), root tips (1 cm) and shoot tips (1 
cm) were excised from healthy seedlings 
and used as explants. They were 
thoroughly washed in running water for 30 
min with tween-20 and then surface 
sterilized with Bevastin (0.1%) a fungicide 
for 30 min. Explants were then washed 
thoroughly to remove the traces of 
Bevastin and treated with mercuric 
chloride (0.1%) for not more than 2 min. 
Finally, the explants were washed with 
sterile distilled water for 30 min before 
placing them on the media supplemented 
with hormones either alone or in 
combinations.  
Culture Medium  
The nutrient media selected for the present 
study were Murashige and Skoog’s (MS) 
[4] and Phillips and Collins (L2) [5]. Both 
the media were supplemented with various 
auxins – IAA, IBA, NAA, 2, 4-D and 
Cytokinins – BAP, Kin, 2-ip, TDZ along 
with or without GA3 at various 
concentrations. Sucrose (3%) and 
bacteriological agar agar (0.8%) were used 
as carbon source and gelling agent 
respectively.  pH of the medium was 
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adjusted to 5-6 and autoclaved for 15 min. 
at 109 Kpa. 
Culture Conditions 
The cultures were incubated at 25±2°C 
under fluorescent tube lights with 16:8 hr 
light and dark region at the intensity of 25 
µmol m-2 s-1. 
Rooting and Acclimatization of 
Hardened Tissue Cultured Plants 
The excised shoots were transferred to L2 
medium supplemented with NAA/IAA to 
produce roots and maintained in the 
culture room. After 45 to 50 days, the 
rooted plantlets were transferred to plastic 
cups containing vermiculate and kept in 
polyhouse. Thus hardened plants were 
transferred to pots containing soil: sand: 
manure in 1: 1: 1 ratio after 30 days in 
vermiculate. Three month old seedlings 
were finally planted in field.  
Histological Studies  
The organogenic and embryogenic callus 
segments were fixed in FAA (Formalin 
Acetic Acid: Ethyl alcohol) for 24 and 
transferred to 70% alcohol which acts as a 
preservative. Healthy 10 to 12 callus 
segments were selected and processed for 
microtomy. The material was dehydrated 
with xylene – ethyl alcohol series and 
customary paraffin technique was 
followed. Sections were cut at 12 µm thick 
and stained with Haidenhain’s 
haematoxylin and counter stained with 
orange G / Eosin. Photomicrographs were 
taken under Nikon binocular microscope 
using Canon camera. 
Data Analysis  
The results were presented as ± standard 
error based on five replications. The data 
was subjects to one way ANOVA, 
significant ‘F’ ratios between group means 
were further subjected to DMRT using 
SPSS version 15. Probability values <0.05 
were considered as significant. 
RESULTS AND DISCUSSION  
MS and L2 media were supplemented with 
various auxins and cytokinins either singly 
or in combinations to analyse the effects of 
the hormones on morphogenetic potential 
of the explants. 
Shoot tip explants were responded 
positively for the induction of callus, 
multiple shoots and somatic embryos than 
the other explants tried, in the present 
studies. However, Kumar et al., [3] have 
reported that collar region from the 
seedlings and embryos were found to be 
good for initiation of callus and multiple 
shoot induction in the same taxon. 
 Effect of Anxins  
Presence of 2.4-D/IBA at all the 
concentrations used in the present 
investigation induced the growth of the 
shoot tip into a single shoot without any 
callus formation. Kumar et al., [3] 
however, reported maximum callus 
formation in presence of 2.4-D and IBA. 
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2.4-D is commonly used to induce callus 
from various explants [6]. Presence of 2.4-
D in the medium induced profuse callus in 
the cultures of Calamus merrillii, C. 
ornatus var. Philippenensis and C. 
trachycoleus [7, 8] without any 
morphogenesis. Nodulated brownish callus 
was induced from the basal portion of the 
explants after 4 weeks of culture on L2 
fortified with NAA (2.5 mg/l) and IAA (5-
6 mg/l). Further proliferation of the callus 
was arrested. However, 2-3 shoots were 
proliferated from the apical portion of the 
explants without any callus formation. In 
the earlier reports on tissue culture of 
rattans, only callus induction was reported 
in the presence of auxins [3, 7, 8]. 
Effect of Cytokinins  
Cytokinins one known to induce multiple 
shoots from the cultures [6]. However, in 
the present studies, Kin, BAP, TDZ and 
Zea at 1 to 6 mg/l have promoted the 
growth of the shoot tip in to a single 
shoots after 4 weeks of culture. Whereas 
BAP at 2 mg/l promoted the proliferation 
of shoot apex into 3-4 multiple shoots 
(Figure 1A). In tissue culture, cytokinins 
play a crucial role as promotors of cell 
division and act in the induction and 
development of meristematic cells leading 
to the formation of organs  mainly shoots 
[9]. Presence of 2-ip in the medium, 
however, promoted the induction of 
multiple shoots from the cultures. The 
response of the expalnts varied with the 
concentraction of 2-ip. Presence of 2-ip at 
1 mg/l in the L2 medium induced 
nodulated cremish callus after 4 weeks of 
culture. Greenish shoot buds started 
initiating from the callus after 8-9 weeks 
of culture. Maximum number of 23 shoots 
per culture was recorded (Figure 1B). The 
higher concentrations of 2-ip, however, 
resulted in a single shoot formation. 
Kumar et al., [3] however reported the 
initiation of 2-5 shoots from the auxin 
derived callus when sub-cultured to BAP 
(3 mg/l) and Kin (2 mg/l) supplemented 
MS medium. Presence of BAP and Kin in 
the medium supported the induction of 
multiple shoots from the collar region of 
the in vitro raised seedlings of Calamus 
manann [10]. The optimum concentrations 
of cytokinins for induction of shoots from 
the cultures differ from species to species. 
It is needed to be estimated accurately to 
achieve the effective rates of 
multiplication [11]. 
Effect of Auxin and Cytokinin  
Synergistic effect of auxin and cytokinins 
on the morphogenetic potential of the 
cultures is well established in many taxa 
[12]. The ratio of auxin to cytokinin plays 
a key role in in vitro morphogenesis [13]. 
Kin, BAP and 2-ip along with 2.4-D, IAA, 
IBA and NAA at various combinations are 
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supplemented to L2 basal medium to study 
their synergistic effect on morphogenesis. 
Kin along with auxins promoted only the 
growth of the shoot apex into a single 
shoot. BAP with auxins induced nodulated 
brownish callus from the basal part of the 
explants after six weeks of cultures. 
Though 2, 4-D and IBA on individual 
supplementation were not able to promote 
any morphogenesis from the cultures; in 
combination with BAP they favored the 
formation of nodulated callus from the 4 
weeks cultures. Multiple shoot buds 
started initiating from the callus as green 
nodules after 8-9 weeks of culture (Figure 
1D). Maximum number of 23 to 25 shoots 
per culture was observed in this taxon on 
L2 + NAA (0.5 mg/l) + BAP (2 mg/l) 
(Figure 1C). Though the auxins 
combinations with 2-ip promoted the 
formation of multiple shoots from the 
callus, the percent response was better 
with 2-ip alone. 
Somatic Embryogenesis 
Somatic embryogenesis is one of the 
important in vitro tools to mass 
propagate and    cryopreserve the 
economically important/endangered 
genotypes through somatic embryos. 
Differentiation of somatic embryos from 
the cultures of rattans depends on the 
species, types of the explants and the 
hormones supplemented [14, 15]. Semi 
friable callus derived from zygotic 
embryos of Calamus thwaitessi on 
MS+2, 4-D/2,4,5-T produced somatic 
embryos when transferred to NAA+BAP 
supplemented medium [16] . Whereas 
the soft whitish callus of Calamus 
subinermis and Calamus manan obtained 
from the root tips cultures differentiates 
somatic embryos on picloram 
supplemented medium [14, 15]. Even in 
Calamus merrillii lower concentration of 
picloram promoted the induction of large 
number of somatic embryos from the 
calli derived from zygotic embryo and 
young leaf cultures [15]. 
Somatic embryogenesis recorded for the 
first time in Calamus nagabettai cultures. 
When the multiple shoots derived from 
the callus cultures on NAA (2mg/l) 
+BAP (4mg/l) transferred to L2 
supplemented with NAA (2mg/l), the 
basal portion of the shoots produced 
white friable callus after two weeks of 
subculture. White globular structures 
started emerging from the callus after 6-8 
weeks of culture (Figure 2A & 2B). 
They have grown into bipolar somatic 
embryos on the same medium (Figure 
2C). In many systems, somatic 
embryogenesis is reported to have two 
stages. In the first phase, induction of 
cells comprising embryogenic masses or 
proembryogenic tissue takes place in the 
presence of high concentration of auxin 
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followed by the formation of embryo in 
the low concentration of auxin in the 
second phase [17, 18]. However in the 
present study the conversion of the 
somatic embryos into plantlets was also 
achieved on the same medium containing 
NAA as supplement. The most 
commonly used auxin for somatic 
embryogenesis is 2, 4-D. However in the 
present investigation, presence of NAA 
in L2 medium promoted the initiation of 
somatic embryos from the callus 
obtained from the basal portions of in 
vitro raised shoots. Presence of NAA in 
the medium was reported to have 
promotory effect on the induction of 
somatic embryos in the cultures of Pisum 
sativum [19] and Arachis hypogeal [20]. 
The reported mechanism by which auxin 
regulate embryogenesis is through 
acidification of the cytoplasm and the 
cell [21]. In Hippeastrum hybridum and 
Crinum asiaticum, NAA along with BAP 
was suitable for induction and maturation 
of somatic embryos in the bulb scale 
cultures [22]. Cytokinin induced somatic 
embryogenesis was however, reported in 
a number of species when zygotic 
embryos were cultured in vitro [23]. 
Histological Studies 
Histological observation of the 
organogenic callus revealed the presence 
of meristemoids, a group of actively 
dividing and darkly stained cells in the 
peripheral part of the callus. These 
meristematic zones develop into shoot 
buds with clearly demarcated shoot apex 
flanked by leaf primordial (Figure 1F). 
The shoot buds are unipolar structures 
with vascular continuity with the callus. 
Whereas the somatic embryoids are 
bipolar structures which are taken their 
origin from group of cells in the 
peripheral part of the friable callus 
(Figure 2D). 
Rooting and Acclimatization of Tissue 
Cultured Plants  
Thus obtained shoots from direct and 
indirect organogenesis were transferred 
to L2 medium containing NAA/IAA at 
various concentrations. Though both the 
auxins induced roots from the basal part 
of the shoots, IAA at 2 mg/l was found to 
be more suitable with 8-9 healthy roots 
from the basal part of the shoots. The 
most commonly used auxin for the 
induction of roots is IBA [24]. However 
in the present study, IAA/NAA was more 
promotory on root induction than IBA. 
Auxin induces cellular reorganization, 
cell division and organization of root 
meristem [25]. Exogenous supply of 
auxins evokes several auxin responsive 
genes, which initiate the chain of 
reactions ultimately leading to 
adventitious root initiation [26]. After the 
Tejavathi D H et al                                                                                                                 Research Article 
 
 513 
IJBAF, November, 2013, 1(11) 
roots are formed the plantlets were 
carefully removed from the bottles and 
washed in running water to remove the 
medium and transferred to plastic cups 
containing vermiculite and perlite (1:1) 
(Figure 1E). When the plantlets are three 
months old, they were successfully 
transferred to pots containing sand: soil 
i.e., 1:1 ratio. Nearly 40 percent of 
survival was recorded. 
CONCLUSION 
Calamus nagabettai, one of the 
economically important and endemic 
canes of Western ghats, has become 
threatened due over exploitation. At this 
juncture, plant tissue culture plays an 
important role in the conservation and 
multiplication. The present study 
establishes an efficient protocol for mass 
multiplication which can be adopted in 
raising in vitro gene banks of this taxon. 
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Table 1: Effect of Various Growth Regulators on Multiple Shoots Regeneration From the Shoot Tip 
Cultures of Calamus nagabettai 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NOTE: Values are Means ± SD of Five Repeated Experiments, Each with 10 Replicates. Means Followed 
by the Same Letter are not Significantly Different at P = 0.05 According to Duncan’s Multiple Range 
Tests 
 
 
 
 
 
 
 
S. No 
L2+Growth regulators 
Number of shoots 
(Mean±S.D) 
   
1 NAA(2 mgl-1) 2.7±0.82h 
2 NAA(5 mgl-1) 2.2±0.42i 
3 IAA(5 mgl-1) 2.6±0.52hi 
4 IAA(6 mgl-1) 2±0.67i 
5 BAP(2 mgl-1) 2.4±0.52i 
6 2ip (1 mgl-1) 19.2±4.67b 
7 2,4-D(0.5 mgl-1)+BAP(2 mgl-1) 9.8±1.40e 
8 2,4-D(1 mgl-1)+BAP(2 mgl-1) 2.8±0.92h 
9 2,4-D(2 mgl-1)+BAP(3 mgl-1) 2.5±0.53hi 
10 2,4-D(2 mgl-1)+BAP(4 mgl-1) 10.7±4.11de 
11 NAA(0.5 mgl-1)+BAP(2 mgl-1) 20.6±4.67a 
12 NAA(1 mgl-1)+BAP(2 mgl-1) 6.1±2.02f 
13 NAA(2 mgl-1)+BAP(3 mgl-1) 4.7±0.95g 
14 NAA(2 mgl-1)+BAP(4 mgl-1) 11.4±3.17d 
15 IAA(1 mgl-1)+BAP(2 mgl-1) 8.1±1.45ef 
16 IAA(2 mgl-1)+BAP(4 mgl-1) 18.0±2.16c 
17 IBA(0.5 mgl-1)+BAP(2 mgl-1) 2.7±0.67h 
18 IBA(1 mgl-1)+BAP(2 mgl-1) 3.2±0.79gh 
19 IBA(2 mgl-1)+BAP(3 mgl-1) 3.9±0.88gh 
20 IBA(2 mgl-1)+BAP(4 mgl-1) 11.6±2.32d 
21 NAA(1 mgl-1)+2,ip(0.5mgl-1) 6.2±2.12f 
22 NAA(1 mgl-1)+2,ip(1 mgl-1) 8.3±1.35ef 
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Figure 1: Oganogenesis Shoot From Tip Cultures of Calamus nagabettai 
 Figure 1A to Figure 1D: Regeneration of Multiple Shoots From the Callus on, A. L2 + BAP 2mg/l. 
B. L2 + 2-ip 1mg/l.; C.  L2 + NAA 0.5 mg/l + BAP 2 mg/l; D. L2 + 2,4-D 2mg/l + BAP 4mg/l; Figure 1E: 
Hardening on Vermiculite and Perlite Mixture (1:1); Figure 1F: Section of the Organogenic Callus 
Showing the Origin of Shoots From the Callus 
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Figure 2: Somatic Embryogenesis From the Shoot Tip Cultures of Calamus nagabettai; Figure 2A and 2B- 
Initiation of Somatic Embryoides from the Callus on L2 + NAA 2 mg/l; Fig. 2C- Individual Mature 
Somatic Embryoid; Figure 2D- Section of Embryogenic Callus Showing Embryo 
 
 
 
  
 
 
 
